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[57] ABSTRACT

A method of repairing an eroded refractory wall
pierced by one or more openings using a ceramic weld-
ing technique. A member of shape substantially comple-
mentary to the desired shape of the repaired opening i1s
placed into each opening so that the member projects
from the refractory wall by an extent at least equal to
the local depth of erosion. Such complementarily-
shaped member is so composed that it 1s adapted to
withstand ceramic welding temperatures. A desired
refractory repair mass is built up, by ceramic welding,
adherent to the eroded wall and surrounding the com-
plementarily-shaped members(s) while leaving its end
or their ends exposed, and the complementarily-shaped
member(s) 1s or are thereafter removed from the re-
paired openings(s). Such complementarily-shaped
member may, for example, be of refractory carbon or of
steel, such as stainless steel. Such a steel member may be
tubular for the circulation of coolant.

4 Claims, 1 Drawing Sheet
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1
CERAMIC WELDING REPAIR PROCESS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a ceramic welding repair
process. Ceramic welding repair processes are useful
inter alia for the repair of hot refractory structures such
as furnaces or ovens of various kinds, and they enable
eroded areas of the refractory structure (provided that
those areas are accessible) to be repaired while the
structure 1s substantially at its operating temperature
and 1n some cases even when the structure 1s still operat-
Ing.

2. Description of the Related Art

In ceramic welding processes, refractory powder,
fuel powder and oxidising gas are projected against the
site to be repaired and the fuel is burnt so that the refrac-
tory powder becomes. at least partially melted or soft-
ened and a refractory repair mass 1s progressively built
up at the repatir site. The fuel used is of a nature that it
can form a refractory oxide on combustion, and typi-
cally consists of silicon and/or aluminium, though other
matenals such as magnesium may also be used. The
refractory powder 1s typically selected so that the
chemical composition of the repair mass matches as
closely as possible the composition of the refractory to
be repaired, though i1t may be varied, for example so as
to deposit a coating of a higher grade refractory on the
base structure. In usual practice, the fuel and refractory
powders are projected from a lance as a mixture in a
stream of oxidising carrier gas.

Due to the intense heat liberated on combustion of
fuel powders which form refractory oxides at or close
to the surface to be repaired, that surface also becomes
softened or melted. and as a result, the repair mass,
which is itself largely fused together becomes strongly
adherent to the repaired wall, and a highly effective and
durable repair results. An early disclosure of ceramic
welding repair techniques 1s to be found in British Pa-
tent No. 1,330,894.

Such known techniques give very good results when
applied to large plain wall areas such as are encountered
in coke ovens and in the vaults of glass furnaces, and
they are also very useful for the repair of rather large
openings in walls, such as dog house arches and burner
ports of glass melting furnaces. By suitable choice of
lance outlet, such techniques may be adapted for the
repair of smaller openings, such as the tap holes of, for
example, basic oxygen (L-D) steelmaking furnaces
which typically have a diameter of about 20 cm, see for
example British Patent Specification No. GB 2 144 055
A.

There 1s however a problem involved in the repair of
refractory wall areas which contain smaller openings,
for example below 10 cm, where it is not really practica-
ble to insert a lance into the opening with sufficient
clearance to manipulate it to effect the required repair.
Typical examples of such small openings are tuyere
openings for the introduction of air or other gases, or
indeed powdered matenal such as carbon powder, into
tanks for various purposes, such as in copper, zinc and
other metal converters, basic oxygen steelmaking fur-
naces, blast furnaces, gas burner blocks (e.g. side ports)
in glass furnaces and submerged openings provided for
- the introduction of electrodes into 2 melt, for example
in a glass furnace or for bubbling a gas through a meit.
It is an unfortunate fact of life that because of the excite-
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2

ment of the melt by the introduction of gas or other
material, or by the concentration of electric current at
the location of the openings, the areas of the refractory
wall immediately surrounding such openings are often
among the most readily eroded in the furnace.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
ceramic welding technique which enables such wall
areas to be repaired effectively.

According to this invention, there is provided a
method of repairing an eroded refractory wall pierced
by one or more openings using a ceramic welding tech-
nique, wherein into the or each opening is placed a
member of shape substantially complementary to the
desired shape of the repaired opening so that such mem-
ber projects from the refractory wall by an extent at
least equal to the local depth of erosion, such com-
plementarily-shaped member being so composed that 1t
1s adapted to withstand ceramic welding temperatures,
a desired refractory repair mass is built up, by ceramic
welding, adherent to the eroded wall and surrounding
said complementarnly-shaped member(s) while leaving
its end or their ends exposed, and the complementanly-
shaped member(s) is or are thereafter removed from the
repaired opening(s).

Such a method enables an eroded refractory wall
pierced by such openings to be repaired effectively and
rapidly. In particular, such technique enables the refrac-
tory repair mass to be built up in such a way that the
openings are not plugged by the repair mass. This 1s
particularly important, because we have found that in
order to clear a plugged opening which is relatively
long and narrow, in view of the mechanical resistance
of the repair mass itself, it would be necessary to use a
percussion drilling technique, and this would necessar-
1ly lead to a nisk of cracking the repair around the open-
ing which would militate against a good repair life.
Withdrawal of the complementarily-shaped member
leaves an opening whose size is well defined by that
member. This 1s particularly advantageous in the case of
buyere openings, where the size and shape of the open-
ing 15 of importance for determining the flow of gas, and
in the case of openings for, for example, electrodes or
tuyeres, where a well defined size and shape of opening
facilitates sealing of the opening around the electrode or

tuyere.

The choice of composition of the complementarily-
shaped members is of considerable importance. It is not
sufficient simply to use any tubing that may come to
hand. In view of the very high temperatures attained in
the reaction at the repair site, the projecting ends of any
complementarily-shaped members which are not suffi-
ciently resistant may simply be mown down like blades
of grass as the reaction occurs, again requiring the open-
ings to be drilied out. In some preferred embodiments of
the invention a said complementarily-shaped member is
a member of steel or of refractory carbon. Steel mem-
bers, in particular stainless steel members, can have
sufficient refractoriness and conductivity that their pro-
jecting parts do not become destroyed during the ce-
ramic welding operation. Refractory carbon members
are also able to withstand the temperatures involved in
the ceramic welding reaction. Such a carbon member
may be of refractory graphite, or it may be of gas car-
bon. In the case of the repair of a well pierced with
holes for accommodating carbon electrodes, it may be
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appropriate to use a used carbon electrode as such a
complementarily-shaped member.

In other preferred embodiments of the invention, a
said complementarily-shaped member is a tubular steel
structure. When using such a tubular steel structure, 1t 1s
especially preferred to circulate coolant fluid through
it. It 1s surprising that cooling the tubular structure does
not have an adverse effect on the structure of the repair
mass and its bond to the base refractory structure
around the opening.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment will now be described by
way of example with reference to the accompanying
diagrammatic drawing which 1s a cross section through
a refractory wall undergoing repatr by a ceramic weld-
ing technique in accordance with this invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the drawing 1s shown a cross section of a wall 1 of
a copper converter, the section being taken along a line
tuvere openings 2. During use, the tuyere line has been
eroded to form a channel 3 in the intenior face of the
wall 1. In accordance with the invention, for repair for
a ceramic welding technique. each tuyere opening 2 has
inserted into 1t a generally complementarily-shaped
member 4. Such members 4 may be cvlindnical, conical
or part-conical, and they may be circular or elliptical in
cross-section, or of any other appropriate shape to fit 30
into and substantially fill the openings 2. The lower of
such members in the drawing is shown as a solid mem-
ber § which may be of steel, for example stainless steel,
or of refractory carbon, for example refractory graph-
ite. The upper of such members 1s shown as a tubular
steel. preferably stainless steel, structure 6 comprising
inner 7 and outer 8 concentric tubes, the structure 6
having an inlet 9 and an outlet 10 for the circulation of
coolant fluid such as water. In a specific practical exam-
ple for the repair of a copper converter, the outer tube
8 is 42 mm in diameter.

A lance 11 comprises three concentric tubes 12, 13, 14
which together constitute a water jacket surrounding
the inner lance tube 12 from which 1s projected in an
oxygen rich carrier gas a stream 13 of ceramic welding
powder. The powder is a mixture of fuel particles and
refractory particles and the fuel in the mixture ignites as
1t contacts the hot inner wall 1 at the repair site, so that
the fuel 1s burnt in a reaction zone 16 to deposit a repair
mass 17 on the repair site. The repair mass 17 1s built up
progressively as the lance 1s moved across the repair
site, and will eventually fill the channel 3, thus restoring
the wall 1 to good condition.

If the inner surface of the wall 1 is insufficiently hot
to cause automatic ignition of the fuel in the powder
stream 15, then some auxihary ignition means may be
used. As is well known in the ceramic welding art, the
velocity of the powder stream 15 1s maintained at a
value higher than the speed of propagation of the reac-
tion so that the reaction zone 16 i1s confined against the
repair site.

The complementarily-shaped members 4, which are
capable of withstanding the temperatures achieved In
the reaction zone 16, project beyond the channel 3 so
that their ends will still be exposed when the repair
work 1s completed. After completion of that repair
work, those complementarily-shaped members 4 are
withdrawn from the tuyere openings 2 to leave well
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defined openings into which tuyeres may be optionally

introduced for the injection of air into the converter.
Various specific examples of ceramic welding pow-

ders suitable for the repair of refractories now follow.

EXAMPLE 1

It is desired to repair a refractory wall containing
zirconiferous bricks pierced with an opening for the
introduction of a gas burner to a glass melting furnace.
Such zirconiferous bricks typically comprise about 30%
ZrO; and 50% Al203 by weight. Each such opening s,
when new, partly cylindrical (diameter about 60 mm)
and partly frusto-conical in shape. A complementarily-
shaped member in the form of a water-cooled structure
such as that shown at 6 in the drawing is inserted into
the opening whose surround is to be repaired, and a
suitable ceramic welding powder is selected. The pow-
der comprises by weight 359% ZrO; and 53% Al;0O; as
refractory together with 8% silicon and 4% aluminium
as fuel. The silicon powder has a nominal maximum
grain size of 10 micrometers and a specific surface (mea-
sured by the air permeability method using Rigden’s
apparatus) of about 4000 cm-</g. The aluminium pow-
der has an average grain size of less than 10 micrometers
and a specific surface (measured in the same way) of
about 6000 cm?/g. The refractory particles have an
grain size between 50 micrometers and 500 microme-
ters. The mixture i1s projected at a rate of 0.5 kg/min in
a stream of oxygen as carrier gas delivered at a rate of
160 L/min against the repair site which was at a temper-
ature in excess of 1000° C. to form an adherent cohesive
repair mass.

In a variant, a plain cylindrnical member was used to
avold blocking of the opening by the repair process.

Two specific examples now follow of ceramic weld-
ing powders suitable for the repair of magnesia-chrome
refractories for tuy/ fittings for a copper converter (for
example containing by weight 50% MgO and 23.5%
Cr>03) while those refractories are at a temperature of
about 1000° C.

EXAMPLE 2

The powder comprises by weight 889 crushed used
magnesia-chrome brick as refractory together with
129 aluminium as fuel. The aluminium fuel powder has
a nominal maximum grain size of 45 micrometers and a
specific surface (again measured by the air permeability
method) in excess of 3000 cm?/g.

EXAMPLE 3

The powder comprises by weight 129% aluminium as
fuel together with 40% chromic oxide and 489 magne-
sia as refractory. The aluminium fuel powder has a
nominal maximum grain size of 45 micrometers and a
specific surface (again measured by the air permeability
method) in excess of 3000 cmZ/g. The refractory parti-
cles all pass a mesh of 2 mm.

Such powder mixtures are suitable fed at a rate of 70
to 120 kilograms per hour in a stream of oxygen fed at
a rate of 50 to 100 normal cubic meters per hour.

What i1s claimed is:

1. A method of repairing a refractory wall which is
eroded to various depths of erosion and which includes
at least one opening at the various depths of erosion, to
provide at least one repaired opening having a desired
shape, the method using a ceramic welding technique,
and comprising:
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placing into each of the at least one opening a
member having a shape substantially complemen-
tary to the desired shape of the repaired opening
and having an outer end. so that the member
projects from the refractory wall by a distance at
least equal to a local depth of erosion, the member
being a tubular structure provided with means for
circulating cooling fluid therethrough and being
made of a substance which 1s capable of withstand-
ing ceramic welding temperatures;

b. cooling the tubular structure by circulating the

C.

cooling fluid therethrough;

building up a refractory repair mass by ceramic
welding onto the eroded refractory wall so as to
surround the member placed in each of the at ieast
one opening while leaving the outer end of the
member exposed; and

10

15

20

30

35

435

30

55

65

6

d. removing each member from each of the at least

one repaired opening.

2. The method according to claim 1, wherein the
tubular structure is closed at the outer end thereof
which is proximate the eroded refractory wall, and 1s
comprised of inner and outer concentric tubes. the inner
concentric tube being provided with an inlet for cooling
fluid at an end thereof external to the refractory wall

and the outer concentric tube being provided with an
outlet for cooling fluid at an end thereof external to the
refractory wall, the inner and outer concentric tubes
cooperating to permit circulation of the cooling fluid
through the tubular structure.

3. The method according to claim 1, wherein the
member is made of steel.

4. The method according to claim 3, wherein the

member is made of stainless steel.
* % % %* .
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